Through the laboratory test, the mechanical properties of cementsoil with adding desulfurization gypsum, fly ash, and polypropylene fiber were studied. Three different percentages (0%, 0.5%, and 1.0%) of polypropylene fiber were mixed into new cementsoil for which the cement content is 15% of the dry soil weight, the desulfurization gypsum content is 2% of the dry soil weight, and the fly ash content is 1.0% of the dry soil weight. The new cementsoil strength reinforced with polypropylene fiber was studied by triaxial test under different polypropylene fiber mixing ratio, different age, and different confining pressure. The experimental results show that, compared with ordinary soil, the deviatoric stress and the peak shear strength reinforced with polypropylene fiber have different amplitude increase. At the same time, the internal friction angle of new cementsoil with polypropylene fiber increases slightly with the growth of the age. The stress-strain curve of the polypropylene fiber cementsoil has the typical work hardening characteristic and has the characteristics of bulge fracture.
Introduction
Soil reinforcement has been introduced into the field of geotechnical engineering for many years in order to improve the properties of ground soil in specific engineering projects. Traditional geosynthetics, such as geotextile and geogrid, have been proved to be efficient, and they are being increasingly used in geotechnical engineering and other fields [1] . They have attracted the attention of scientists worldwide, and a number of triaxial tests, unconfined compression tests, CBR tests, and direct shear tests on this subject have been conducted [2] [3] [4] [5] [5] [6] [7] [8] [9] [10] [11] [12] . Consoli et al., 1998 [13] , added the randomly distributed fibers to cemented soil, conducted triaxial compression tests on the mixture, and concluded that the fiber reinforcement increased both the peak and residual strength and changed the cemented soil's brittle behavior to a more ductile one. The inclusion of fibers significantly changed the failure mechanism by preventing the formation of tension cracks [14] . Miller and Rifai, 2004 [15] , reported that the shrinkage crack reduction and hydraulic conductivity of compacted clay soil increased with an increase in fiber content. All these investigations show that the inclusion of discrete fibers can improve the strength behavior and significantly enhance the ductility and fracture toughness of soil matrix. It has been proved that discrete fibers can be considered as good earth reinforcement material.
The interface between construction materials and soil plays an important role in many geotechnical systems including pile foundations, retaining walls, and especially reinforced soil systems. Experimental results related to the behavior of conventional geosynthetic reinforced soil showed that the geosynthetic/soil interface properties play a key role in the mechanical behavior and design of engineering [16] [17] [18] [19] .
The cementsoil material has advantages of adjustable high plasticity of improving the strength of soils, the source is very wide, and therefore they are widely used in pile foundations, retaining walls, especially reinforced soil systems, and so forth, but the cementsoil is essentially still belonging to a kind of special soils, the compressive strength is far less than concrete, the tensile strength is low, and the cementsoil is still existing in problems such as deformation when used in composite foundation. Therefore, many scholars were 2 Advances in Materials Science and Engineering seeking to improve the performance of cementsoil, such as [16] [17] [18] [19] . At present, the fiber as a kind of engineering materials was widely used in the concrete; some scholars also added the fiber to the soil. It has some advantages with adding the polypropylene fiber into cementsoil, such as improving the tensile strength of soil, stopping the microcracks or original defects extension, delaying the occurrence of cracks, and improving the ability of deformation, toughness, and resistance of the matrix. In order to get better performance of composite cementsoil, the desulfurization gypsum, fly ash, and polypropylene fiber were added into ordinary cement, and the mechanical properties of new cementsoil with adding desulfurization gypsum and fly ash and polypropylene fiber were studied under different confining pressure.
Based on new cementsoil reinforcement technology research, the author put forward the new concept with the polypropylene fiber reinforced cementsoil. This paper selects polypropylene fiber as reinforced material. The mechanical properties of the new cementsoil were studied through static triaxial test according to the polypropylene fiber content, different confining pressure, and different age. It has great reference value in the engineering application.
Materials and Methods

Materials.
The silty clay soil used in the present tests was obtained from a foundation in Zhujiang New Town, Guangzhou, China. It was air-dried and broken into pieces to pass through a 2 mm sieve. Its physical properties were listed in Table 1 . The desulfurization gypsum and fly ash were used from Pingwei power plant, Huainan, Anhui, China. The chemical composition of desulfurization gypsum was shown in Table 2 . The chemical components of fly ash were shown in Table 3 . The used polypropylene fiber was shown in Figure 1 . The physical and mechanical performance parameters were shown in Table 4 . The cement used P.O. 42.5 ordinary Portland cement; its stability and strength of adhesive and additives satisfied the requirements of the national code being in force presently "General Portland Cement Regulation (GB175-1999)". And the test water was tap water.
Specimen Preparation and Maintenance.
The polypropylene fiber content was 0.0%, 0.5%, and 1.0% of cement weight, respectively; then throw the dry soil, desulfurization gypsum, polypropylene fiber, fly ash, and cement into a blender, mix them for five minutes, then add water, and continue to mix them for ten minutes together. Remove mixture into a mold, and the specimen was divided into three layers by hammer legal method. The mold is 39.1 mm in diameter and 80 mm in height. The specimen was demoulded after 24 hours and then maintained into the water bath up to design age.
Methods.
According to the content of polypropylene fiber and age, the nine kinds of experiment conditions were designed and the confining pressures were 100 kPa, 200 kPa, and 300 kPa. In order to reduce the discreteness of the test results, the same three groups parallel specimens were tested under the same confining pressure. The laboratory test was according to the "standard for soil test method" (GB/T50123-2002). The triaxial test instrument used for STSZ-2 strain controlled triaxial apparatus, the testing program was shown in Table 5 , and the water-cement ratio was 0.5. undrained triaxial shear strength of new cementsoil were the most commonly and important parameters used in bearing capacity design of mixing piles. So these properties were the main content of the laboratory test. The unconfined compression strength results of the new cementsoil in different age were shown in Table 6 . According to specimen failure stress of the new cementsoil with polypropylene fiber and desulphurization gypsum and fly ash under different confining pressure, the failure envelope was drawn. Thus the cohesion and internal friction angle were concluded under the unconsolidation undrained condition at different age. Those intensity parameters were shown in Table 6 .
Results and Analysis
The Age Influence for the New Cementsoil
The stress-strain curves of polypropylene fiber reinforced new cementsoil were shown in Figures 2, 3, and 4 . Firstly, the stress-strain curve shape of the polypropylene fiber reinforced new cementsoil was basic hyperbolic shape. Secondly, the compressive strength of polypropylene fiber reinforced new cementsoil was increasing with the axial strain increasing, the vast majority had no obvious peak, and the stressstrain characteristics were strain hardening model. Thirdly, the principal stress difference of adding polypropylene fiber cementsoil was increasing with the increase of polypropylene fiber content under the same confining pressure. Fourthly, the principal stress difference also increased with the growth of the age under the same confining pressure. Fifthly, through the analysis of stress-strain curve, under the axial strain between 4% and 6%, the stress was close to the limit value, and then the stress-strain curve was in a level state; the stress did not increase with the increase of strain and had obvious yield stage. Sixthly, the strength of the specimen increases with the increase of confining pressure; when axial strain is small, confining pressure effect on the strength is very small, and this showed that, in the case of minor axial strain, the influence of confining pressure had not yet to play; that is to say, under the small axial strain, the polypropylene fiber in the specimens had not been stretched to its state before the consolidation, so the polypropylene fiber had not played a role. And with the increasing of axial strain, the fiber had been stretched further until more than its initial state and the friction effect between polypropylene fiber and the soil had to play, and the greater the axial deformation, the greater the confining pressure effect on the deviatoric stress.
Limiting Deviatoric Stress.
The limiting deviatoric stress of new cementsoil was concerned with the polypropylene fiber content, age, and confining pressure; the limiting deviatoric stress of the new cementsoil was shown in Figures 5 and  6 under different test conditions. Some conclusions could be seen from Figure 6 . Firstly, the curing age had great influences on the strength of the cementsoil; for the same polypropylene fiber content cementsoil, the strength increased significantly with the curing age, especially the curing age of 28-day; its strength was almost 1.5 times as strong as 7-day or even more. Secondly, the strength was mainly affected by polypropylene fiber content and curing age. The limiting deviatoric stress of new cementsoil increased with the increasing polypropylene fiber content and curing age.
Intensity Index.
The calculation methods of the intensity parameters of new cementsoil have two kinds; one kind is Mohr circle construct under different confining pressure; namely, the strength parameters of soil can use the strength envelope to calculate. Another is formed of p-q chart to calculate the strength parameters of the soil. This paper used the strength envelope method to calculate the intensity parameters of the soil, as shown from Figures 7, 8 , and 9. The is cohesion force, and Φ is internal fractional angle. Some conclusions could be seen from Figure 7 to Figure 9 . Firstly, for curing age 7-day specimen, Φ value increased slightly with the increase of polypropylene fiber content. In the curing ages of 14-day and 28-day, Φ value increased with the increasing of polypropylene fiber and was relatively stable. Secondly, the curing age directly affects the value of the specimen, and the growth of the value of the curing ages of 14-day and 28-day was larger than that of the curing age of 7-day; the main reason was that the active ingredient in cement, desulfurization gypsum, and fly ash could be gelation reaction with the carbonate of water and soil which produced the effect to improve the strength of the soil by carbonate.
Conclusion
Firstly, the strength of polypropylene fiber reinforced new cementsoil gradually increased with the increasing of axial strain. The vast majority of specimens had no obvious peak value, and the stress-strain characteristics had been shown as strain hardening model. Secondly, after joining the polypropylene fiber, under the same confining pressure, the principal stress difference increased with the increasing of polypropylene fiber content; the stress of most of the specimens was close to the limit when the strain was in the range of 4% to 6%. Then the stress-strain curve was in level state; when the strain increases, the stress is not increased.
Thirdly, with the growth of the curing age, internal friction angle of the polypropylene fiber new cementsoil increased slightly, but the overall increase was small.
Fourthly, when the axial strain was small, the relationship curve of the principal stress difference ( 1 − 3 ) and axial strain were almost coincident, and the effect of polypropylene fiber reinforcement is not obvious. However, with the increasing of axial strain, when the extension of polypropylene fiber exceeds the natural state of the fiber preparation, the polypropylene fiber began to play a role in cementsoil, and the effect on the strength of cementsoil is more obvious.
